Mesenchymal stem cells stimulate protective genetic reprogramming of injured cardiac ventricular myocytes.
Since massive irreversible loss of cardiac myocytes occurs following myocardial injury, injection of human mesenchymal stem cells (hMSCs) has emerged as a promising therapeutic intervention. Despite the growing enthusiasm for this approach, the understanding of how hMSCs evoke cardiac improvement is ever more controversial. The present study critically tests hypothesis that hMSCs provide specific benefit directly to damaged ventricular myocytes. Cultures of neonatal mouse ventricular cardiac myocytes (nMCM) were subjected to two distinct acute stress protocols; incubations with either endotoxin, lipopolysaccharide (LPS) or toxic cytokine, IL-1β. Myocyte injury was assessed in intracellular Ca(2+) signaling assays in fluo-3-loaded nMCMs that were imaged with high temporal resolution by fluorescent microscopy. Following LPS or IL-1β treatment there was profound myocyte injury, manifest by chaotic [Ca(2+)](i) handling, quantified as a 3- to 5-fold increase in spontaneous [Ca(2+)](i) transients. Antibody neutralization experiments reveal such damage is mediated in part by interleukin-18 and not by tumor necrosis factor-α (TNF-α). Importantly, normal [Ca(2+)](i) signaling was preserved when cardiomyocytes were co-cultured with hMSCs. Since normal [Ca(2+)](i) handling was maintained in transwell cultures, where nMCMs and hMSCs were separated by a permeable membrane, a protective paracrine signaling cascade is operable. hMSCs provoke a genetic reprogramming of cardiomyocytes. LPS provokes release of TNFα from nMCMs which is blocked by hMSCs grown in co- or transwell cultures. Consistent with cytokine release, flow cytometry analyses reveal that hMSCs also block the LPS- and IL-1β-dependent activation of cardiac transcription factor, NF-κB. Importantly, hMSC-conditioned medium restores normal Ca(2+) signaling in LPS- and IL-1β-damaged nMCMs. These results reveal new evidence that hMSCs elicit protective and reparative effects on cardiac tissue through molecular reprogramming of the cardiac myocytes themselves. Thus these studies provide novel new insight into the cellular and molecular mechanisms that underlie the therapeutic benefit of hMSCs in the setting of heart failure. This article is part of a special issue entitled, "Cardiovascular Stem Cells Revisited".